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REFINING PLATE PROVIDED WITH
REFINING BARS HAVING EDGE CREATING
BAR CAVITIES

TECHNICAL FIELD

The proposed technology generally relates to a refiner
plate for a disc refiner. More particularly 1t relates to a
refining plate that comprises refining bars for mechanical
treatment of lignocellulosic material 1n a refiner where at
least some of the refining bars on the refining plate are
provided with edge creating cavities.

BACKGROUND

Common mechanical pulp refiners usually comprises two
relatively rotating discs, e.g. one stationary disc and one
rotating disc, on which a refiner plate, also referred to as a
refining element or a refining segment, are attached. During,
use of the refiner, lignocellulosic maternial such as wood
fibers are mechanically treated, e.g. grinded or worked,
between the refining plates of the two relatively rotating
discs. To obtain an eflective treatment of the material 1t 1s
quite common to provide the refining surface of the refining
plates with refining bars extending radially along the plate
whereby both the refining bars themselves and the grooves
that will be defined between the refining bars provides an
improved grinding action. The leading edges of the bars, 1.¢.,
the edges of the refining bars that during rotation of the
refining plates are first brought into contact with the mate-
rial, will also act to provide a separation and fibrillation of
the fibers whilst the grooves will enable both a transporta-
tion of the fibers as well as a removal of any steam produced
during the grinding action. Common refining plates may
also be provided with structures known within the art as
dams. The dams are also extended structures that are pro-
vided 1n the grooves of the refining plate and their main
purpose 1s to halt or mterrupt the material flow i the
grooves 1n order to keep the material in the grinding or
refining area for a longer time duration.

The structures provided on the refining plates, 1.e. the
bars, the grooves and the dams, are during use however
allected by substantial forces due to, inter alia, the high
rotation speed of the rotating disc(s). The rotation speed in
combination with any debris present in the organic material
will impart substantial wear on the refining bars.

As a consequence ol the wear the leading edges of
reflining bars may get smoothened out whereby the efliciency
of a refining plate will be negatively aflected. A refining bar
with a smoothened out leading edge will lose a lot of the
positive eflects mentioned above.

In SE 513807 there 1s proposed a particular solution to
this problem. The proposed solution 1s based on the provi-
sion of refining bars whose uppermost surface 1s provided
with a ledge whereby at least two edges arranged at different
height are created on the refining bar.

Even though this solution 1s quite satisfactory for extend-
ing the service length of a refiner plate, the added structures
may negatively aflect the maternial flow on the refining plate.

There 1s therefore a need within the art to further improve
refining plates and in particular to provide at least a partial
solution to the problem of deteriorating refining bars for a
refining plate while at the same time reducing any impact on
the material flow.

SUMMARY

It 1s an object of the proposed technology to provide a
refining plate having an extended service length.

10

15

20

25

30

35

40

45

50

55

60

65

2

It 1s another object of the proposed technology to provide
a refining plate provided with refining bars where even worn
down refining bars provide a good refining action.

There 1s another object of the proposed technology to
provide a refining plate having an extended service length
that reduces the impact on the material flow on the refiming
plate.

It 1s yet another objective of the proposed technology to
provide a refiner equipped with refining plates having an
extended service length.

These and other objects are met by embodiments of the
proposed technology.

According to a first aspect, there 1s provided a refiner plate
adapted to be attached to a rotatable refiner disc on a refiner
for mechanical treatment of lignocellulosic maternial. The
refiner plate comprises a refimng surface adapted to be
arranged oppositely a second refimng surface of a second
refiner disc on the refiner. The refining surface being pro-
vided with a plurality of refining bars, where at least one of
the refining bars are provided with cavities that are at last
partially embedded 1n the refining bar and that at least one
cavity provided on the at least one refining bar have one end
arranged closer to the leading edge of a refining bar and one
end arranged closer to the trailing edge of the refining bar
and wherein the depth dimension of the cavity at the end
arranged closer to the leading edge 1s smaller than the depth
dimension of the cavity arranged closer to the trailing edge.

According to a second aspect there 1s provided a refiner
for mechanical treatment of organic/cellulosic material. The
refiner comprising two oppositely arranged refiner discs,
wherein at least one of the refiner discs comprises a rotatable
refiner disc and at least one of the refiner discs comprises a
refiner plate according to the first aspect.

Embodiments of the proposed technology makes 1t pos-
sible to extend the service length of a refining plate while at
the same time reducing the impact on the material flow on
the refining plate.

Other advantages will be appreciated when reading the
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments, together with further objects and
advantages thereof, may best be understood by making
reference to the following description taken together with
the accompanying drawings, in which:

FIG. 1 1s a schematic diagram illustrating a common
refiner where a refining plate according to the proposed
technology can be utilized.

FIG. 2 1s a schematic diagram of an embodiment of the
proposed technology illustrating a section of a circular
refining plate, which section comprises a few refining bars
provided with cavities according to the proposed technol-
0gy.

FIG. 3 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a single refining bar pro-
vided with cavities in the shape of channels that are arranged
in the refining bar so that an angle A 1s formed between the
direction of the channel and the length direction of the
refining bar.

FIG. 4 1s a schematic diagram of an embodiment of the
proposed technology illustrating a single refining bar pro-
vided with a single cavity in the shape of a channel that
extends into the bulk of the refining bar in such way that an
angle B 1s formed between the direction of the channel and
the normal direction of the surface.
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FIG. 5 1s a schematic diagram of an embodiment of the
proposed technology illustrating a single refining bar pro-

vided with a single cavity in the shape of a channel that
extends into the bulk of the refining bar in such way that an
angle A 1s formed between the direction of the channel and
the length direction of the refining bar and an angle B 1s
formed between the direction of the channel and the normal
direction of the surface.

FIG. 6a 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a cross-section view of a
refiner having three refining bars provided with cavities.

FIG. 65 1s a schematic end view diagram of a refining bar
comprising three cavities i shape of recesses provided on
the surface of the refining bar.

FIGS. 7a and 7b are schematic diagrams of a known
refiner plate provided with refimng bars before wearing and
alter wearing.

FIGS. 7¢c and 7d are schematic diagrams of a refiner plate
provided with refining bars according to an embodiment of
the proposed technology. The refining bars are illustrated
before any wear and after having been partially worn down.

FIG. 8 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a refining bar comprising,
two cavities provided in the bulk of the refining bar.

FIG. 9 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a refining bar comprising
four cavities provided in the bulk of the refining bar. The
direction of the cavities form an angle A with the length
direction of the refining bar.

FIG. 10 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a refining bar comprising,
three wedge shaped cavities provided in the bulk of the
refining bar. The direction of the cavities form an angle A
with the length direction of the refining bar

FIG. 11 1s a schematic diagram of an embodiment of the
proposed technology 1llustrating a cross-section view of a
refining bar comprising a cavity provided in the bulk of the
refining bar.

FIG. 12 1s a schematic diagram of an embodiment of the
proposed technology illustrating a cross-section view of a
refining bar comprising a cavity in the shape of a recess with
gradually increasing depth.

DETAILED DESCRIPTION

Throughout the drawings, the same reference designa-
tions are used for similar or corresponding elements.

Generally, all terms used herein are to be interpreted
according to their ordinary meaning in the relevant technical
field, unless a different meaning 1s clearly given and/or is
implied from the context in which it 1s used. All references
to a/an/the element, apparatus, component, etc. are to be
interpreted openly as referring to at least one mnstance of the
clement, apparatus, component, etc., unless explicitly stated
otherwise. Any feature of any of the embodiments disclosed
herein may be applied to any other embodiment, wherever
appropriate. Likewise, any advantage of any of the embodi-
ments may apply to any other embodiments, and vice versa.
Other objectives, features and advantages of the enclosed
embodiments will be apparent from the following descrip-
tion.

For a better understanding of the proposed technology, it
may be useful to begin with a brief overview of a common
refiner equipped with refining discs having refining plates.
To this end reference 1s made to FIG. 1. FIG. 1 1s a schematic
diagram 1llustrating a cross-sectional view of an exemplary
refiner 100 that 1s adapted to mechanically treat lignocellu-
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4

losic material, e.g., pulp. The parts of the refiner that 1s most
relevant for the present invention concerns the refining discs
10, 20 and their corresponding refimng plates 1, 2. A refining
plate, or equivalently a refining segment comprises a struc-
ture that 1s adapted to be fitted on a disc refiner so that a
reflining surface of the refining plate 1s facing the material to
be grinded or mechanically treated. A refining plate may thus
in a particular embodiment be a structure that 1s attachable
to a disc refiner.

The refiner 100, or equivalently, the disc refiner, in FIG.
1 1s schematically 1llustrated as merely housing the compo-
nents that are of importance for understanding the environ-
ment of the present invention. Examples of refiner compo-
nents that are not shown 1n the figure are an electrical motor
for driving e.g. the rotation axis, the feeding mechanism for
the pulp etc. Inside the refiner 100 a rotatable refining disc
10 and a stationary refining disc 20 1s linearly aligned along
an axis. A rotatable refining disc 10 1s often referred to as a
rotor while a stationary refining disc 20 1s often referred to
as a stator. These terms may thus be used interchangeably.
The rotatable refining disc 10 1s attached to a rotation axis
15 that may be arranged on bearings 16. The rotation axis 15
1s 1n turn connected to a motor, not shown, that 1s adapted
to rotate the axis 15 during use of the refiner. The rotation of
the axis 15 will impart a rotation to the rotatable refining disc
10. The stationary refining disc 20 facing the rotatable
refining disc 10 1s in this particular example of a refiner
provided with a centrally located through-hole 21. The
through-hole 21 extends between the pulp feeding channel
14 and a refining zone 19. During use of the refiner,
lignocellulosic materiel, e.g., pulp, will be fed by means of
a feeding mechanism, not illustrated in the drawing, through
the feeding channel 14. The pulp will pass the through-hole
21 1n the stationary refiner disc 20 and enter the refining
zone 19. The refining zone 19 i1s thus defined by the gap
between the rotatable refining disc 10 and the stationary
refining disc 20. This gap can be quite small during opera-
tion. The rotatable refining disc 10 may in particular
examples of refiners 100 be provided with a center plate
having a surface facing the incoming pulp. The center plate
1s 1n such an embodiment adapted to direct any incoming
pulp, 1.e., incoming from the pulp feeding channel 19,
toward the outer areas of the refining zone. In the outer areas
of the refining zone, the refining discs 1n the shape of the
rotatable refining disc 10 and/or the stationary refining disc
20 are provided with a refining plate 1 or a refiming segment
1 facing the refining zone 19. The refining plate 1 1s provided
with refimng bars 110 that are adapted to facilitate the
orinding of the pulp. These refining segments or refining
bars 110 defines protrusions on the surfaces of the refiming
discs 10, 20. Interspersed between the refining bars 110 are
grooves that enables transport of the grinded pulp. In FIG.
1 1t 1s 1llustrated that only the rotatable refining disc 10 1s
provided with a refining plate 1 having refining bars 110.
There are also embodiments of a refiner where a stationary
refining disc 1s provided with a corresponding refining plate
1. There are also examples of refiners 100 where both the
refining discs 10, 20 are rotatable. All of these different
embodiments are compatible with the proposed technology.

As has been mentioned earlier, a particular problem
associated with refining segments or refiming plates provided
with refining bars 1s that an extended use will tend to wear
down the refining bars, making them exceedingly smoother.
As was previously noted, a specific purpose of the refining
bars 1s that they should provide a separation and fibrillation
of the lignocellulosic fibers. This 1s facilitated by any
sharply defined leading edges on the refining bars. An
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extended use of the refining plate tends however to
smoothen out these - eadmg edges and thereby rendering the
refining plate less eflective. The proposed technology aims
to at least provide a counter measure to the negative impact
caused by wear due to extended use. The main mechanism
for achueving this purpose is to furnish the refining bars with
hidden bar edges. These hidden bar edges will get gradually
exposed when the refining bars are worn down. The hidden
bar edges may be provided by means of cavities that are at
least partially embedded in the refining bars. With partially
embedded 1s here, and 1n what follows, intended that:

a) The cavities are completely housed within a refiming bar
before the refining bar has been used. The boundaries
between the refiming bar bulk material and the cavities
will define hidden edges that will get exposed when the
refining bar has been worn down. Particular examples of

these types of cavities will follow; or

b) The cavities are recesses or grooves that are provided on

the upper surface of a refining bar. The cavities will thus
be partly housed within a refining bar and the difference
with the embodiment 1n a) above 1s that they opens up on
the upper surface in such a way that they define recesses
or grooves instead of completely housed cavities. The
edges of the recesses and grooves will define hidden bar
edges that will gradually be exposed due to the wearing of
the refining bars. Particular examples of such recesses and
grooves will be given.

With cavities are 1n what follows intended either the
completely embedded cavities or the recesses or grooves
that were described above.

The cavities may have an extended shape and form a type
of channels that are embedded into the material of the
refining bars. Preferably the cavities should have a direction
ol extension that enables the formation of an edge in the
direction of the leading edge of a refining bar. The leading
edge of a refiming bar are here defined as the edge surface of
the refining bar that first encounters the lignocellulosic/
organic material during rotation. See for example FIG. 3
where the left edge surface of the refiming bar 110 constitutes
the leading edge with the particular rotation direction 1llus-
trated by R. The main point with this particular design 1s that
any hidden edges that are defined by the added cavities will
emerge as new and sharp leading edges when the original
surfaces of the refining bars has been worn down and
smoothened out. These emergent, or secondary, leading
edges will in turn supersede the edges of the original refining
bars and will thus act to facilitate the separation and fibril-
lation of the lignocellulosic fibers. A particular refining plate
design having refimng bars provided with hidden bar edges,
defined by e.g., the boundary between the refining bar bulk
material and the cavities or channels provided therein, can
therefore ensure that the refining plate can be used eflec-
tively for a longer time since the gradual exposure of the
hidden edges due to the wear of the refining bar will create
secondary sharp edges. The proposed technology therefore
provides a refiner plate 1 that 1s adapted to be attached to a
rotatable refiner disc 10 on a refiner 100 for mechanical
treatment of lignocellulosic maternial. The refiner plate 1
comprises a reflining surface 11 that 1s adapted to be arranged
oppositely a second refining surface 21 of a second refiner
disc 20 on the refiner 100. The refining surface 11 1is
provided with a plurality of refimng bars 110, where at least
one of the refining bars 110 1s provided with cavities 111 that
are at least partially embedded in the refining bar 110.
Moreover, at least one cavity 111 provided on the at least one
refining bar 110 have one end 111a arranged closer to the

leading edge 112 of a refining bar 110 and one end 1115
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arranged closer to the trailing edge 113 of the refining bar
and wherein the depth dimension of the cavity at the end
111a 1s smaller than the depth dimension of the cavity at the
end 1115. These cavities 111 may, as was stated earlier, have
the shape of extended cavities thus forming either com-
pletely embedded channels or grooves or forming recesses
or grooves on the upper surface of the refining bar.

There 1s in other words provided a refiner plate or,
equivalently, a refiner segment 1 having a refining surface 11
that 1s provided with a set of refining bars 110. The refiming
bars 110 may be provided on the refining plate 1n a multitude
ol patterns and 1n a number of different shapes. They may for
example be provided 1n a radially symmetric pattern, e.g., a
set of refining bars whose intermediate distance diverges on
the way towards the periphery of the refining plate. They
may also be provided on the surface in the shape of more or
less rectangular blocks, but they may also be provided as
curved structures. The refining bars may also be tilted
relative an orthogonal direction of the refining surface, 1.¢.,
tilted relative the normal direction of the refining surface.
Regardless of the shape and pattern, the individual refining
bars should preferably display a cross-sectional shape that
provides an edge, or several edges, that 1s more or less
sharply defined.

FIG. 2 provides a schematic illustration of a refining
segment 1* arranged on a refining disc 10. The refining
segment 1%, which forms part of a refining plate 1, 1s
provided with a set ol individual refining bars 110. Only four
refining bars 110 are shown to avoid cluttering the drawing.
Each of the refining bars 110 are 1n this particular illustration
provided with two distinct and separate cavities 111 that are
schematically illustrated by dark lines. According to a par-
ticular embodiment of the proposed technology there 1s
provided a refiner plate 1, wherein the cavities 111 have an
clongated shape. The cavities 111 may for example be given
the shape of extended channels that are running 1n the bulk
of the refiming bars 110 or provided so that they extend 1n a

direction that runs from a surface of the refining bars 110
into the bulk of the same.

Some of the embodiments contemplated herein will now
be described more fully with reference to the accompanying
drawings. Other embodiments, however, are contained
within the scope of the subject matter disclosed herein, the
disclosed subject matter should not be construed as limited
to only the embodiments set forth herein; rather, these
embodiments are provided by way of example to convey the
scope of the subject matter to those skilled in the art.

According to a particular embodiment of the proposed
technology there 1s provided a refiner plate 1 wherein at least
one of the cavities 111 1s completely embedded 1n the
refining bar 111, The cavity may for example have an
clongated shape and will thereby be forming a channel that
1s embedded 1n the refining bar 110.

According to an alternative embodiment of the proposed
technology there 1s provided a refiner plate 1 wherein at least
one of the refining bars of the plurality of refining bars 110
comprises cavities 111 that extend from the surface of a
refining bar 110 into the bulk of the same refining bar 111.

A particular reason for providing cavities that extend into
the bulk of the refiming bar instead of providing structures on
the surface of the refining bar 1s to reduce the impact on the
material flow on the refining plate. Structures provided on
the surface of the refining bar may interact with the material
flow and create vortices and turbulence in the matenal. This
may not be 1deal since a more smooth tflow will ensure that
the material get evenly grinded.
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According to another particular embodiment of the pro-
posed technology there 1s provided a refiner plate 1 wherein
at least one of the cavities 111 comprises a recess on the
upper surface 117 of the refining bar 110, thereby forming a
cavity that 1s partially embedded in said refining bar 110. A
cross-sectional view of refining bar provided with such a
recess 1s schematically illustrated 1n FIG. 12. In this drawing,
a refining bar 110 1s 1llustrated 1n a cross-section taken along
a line from a leading edge 112 of the refining bar to a trailing
edge 113 of the refining bar. Since this 1s a cross-section
view 1t 1s clear that the cavity 111 1s surrounded by refining,
bar bulk material 1n all directions except for the opening on
the surtace 117 and a possible opening on the trailing edge
113. The top surface, or upper surface, 117 of the refining bar
illustrated in FIG. 12 has 1n this particular embodiment been
provided with cavities 111 in the shape of recesses or
grooves. These recesses or grooves extend from the top
surface 117 1nto the bulk of the refining bar. During use the
section 122 of the refining bar will get worn down and new
leading edges defined by the recess 111 will emerge. The
particular shape given to the recess, 1.e., the gradually
increasing depth toward the trailing edge 113 will be
described in what follows.

Below there will be given a number of different embodi-
ments ol the proposed technology. The specifics of these
embodiments are equally valid for a refining bar that com-
prises completely embedded cavities and a refining bar that
comprises partially embedded cavities, 1.e., cavities that
forms recesses or grooves on the upper or top surface of the
refining bar.

A particular embodiment of the proposed technology
provides a refiner plate 1 wherein the cavities 111 are
provided 1n at least one refining bar 110 in such a way that
an angle A, 0°<A<435° preferably 35°<A<45°, 1s formed
between the length direction of the cavities 111 and the
length direction of the bar 110. FIG. 3 provides a schematic
diagram 1llustrating this particular embodiment for the
simple case of a single bar 110. The single bar 1s provided
on the refining surface 11 of the refimng plate 1. Only a
section of the refining plate 1s 1llustrated by means of dashed
lines. The cavities 111 are i FIG. 3 provided on a refining
bar 110 1n such a way that they are angled relative the length
direction Z of the refining bar 110. An angle A 1s thus defined
between the direction of the cavities and the length direction
of the refining bar. It 1s not necessary that all cavities are
angled relative the length direction Z. It 1s mstead possible
to provide cavities i such a way that there 1s formed a
different angle between each singe cavity and the length
direction. The five cavities on the refining bar illustrated 1n
FIG. 3 may for example be provided so that five different
angles A,;, A,, . .., A; are formed. Any combination of
angles 1s also possible, e.g. having tree cavities with the
same angle and two with differing angles. The angles for
particular cavities may e.g. be selected 1n order to further
reduce any influence of the material flow on the refining
plate. The angles may thus be selected 1n such a way that a
gradual exposure ol emerging edges are obtained. That 1s,
the emerging edges will get more and more pronounced the
more worn down the refining bars become. A specific
embodiment suitable to achueve this purpose will be describe
later with reference to FIG. 11.

Another embodiment of the proposed technology pro-
vides a refiner plate 1, wherein at least one refining bar 110
comprises cavities 111 that extends into the bulk of the
refining bar 110, and wherein the length direction of the
cavities 111 form an inclination angle B, 0°<B<45°, pret-
erably 5°<B<45° with the direction of the normal of the
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refining surface 11. With the direction of the normal 1s here
intended a direction that 1s orthogonal to the surface of the
refining plate 1. FIG. 4 provides a schematic diagram
illustrating this particular embodiment of the proposed refin-
ing plate. FIG. 4 i1llustrates more explicitly a refiner plate 1
which for simplicity 1s provided with a single refining bar
110. The single refimng bar 110 i1s provided on the refining
surface 11 of the refining plate 1. Only a section of the
refining plate 1s 1llustrated by means of dashed lines. In this
embodiment at least one of the refining bars 110 comprises
cavities 111 having an extended shape, 1.e. having the form
of a channel or a groove, that extends into the bulk of the
refining bar 110 1n such a way that the length direction of the
cavities 111 form an inclination angle B, 0°<B<45° with the
direction of the normal to refining surface 11, 1.e., i the
direction of the Y-axis in FIG. 4. Even though it 1s not
illustrated in the drawing the cavities 111 may extend all the
way to the upper surface of the refining bar thereby defiming
recesses on the surface of the refining bar where these
recesses get an increasingly large depth towards the trailing
edge 113. In this embodiment the inclination angle B pro-
vides a particular measure of the slope of the recess 111.
That 1s, by having an inclination angle B 1t 1s ascertained that
the recess gets deeper towards one end,

FIG. § give a schematic illustration of yet another
embodiment of the proposed technology that provides a
refiner plate 1 having at least one refining bar provided with
cavities 111. The cavities 111 have an elongated shape and
are provided on the refining bar 110 1n such a way that they
have one end 1114 that 1s arranged closer to the leading edge
112 of the refining bar 110 and one end 1115 that 1s arranged
closer to the trailing edge 113 of the refining bar 110.

FIG. 5 also provides a schematic diagram illustrating
another embodiment of the proposed technology wherein at
least one refiming bar 110 1s provided with cavities that are
angled with an angle A relative a length direction, 1.e., the
Z-direction, of the refining bar 110 and also tilted relative a
direction normal to the refining surface 11, 1.e., 1n the
Y-direction, with an angle B. The angles A and B may take
values 1n the mterval 0°<A<45° and 0°<B<45°. For
example, 5°<A<45° and 5°<B<45°, or any combination of
angles A and B within the specified interval. This particular
embodiment provides cavities 111 whose direction 1n the
bulk of a refining bar are determined by two angles, A and
B, where A describes the angling relative the length direction
of the refining bar and B describes the tilting relative the
normal direction of the refining surface. Even though it 1s
not 1llustrated 1n the drawing the cavities may extend all the
way to the upper surtace 117 of the refining bar thereby
defining recesses on the surface of the refining bar where
these recesses get an increasingly large depth towards the
trailing edge 113. In this embodiment the angles A and B
defines recesses 111 that are both angled relative the length
direction of the refining bar 110 and have increasingly larger
depth towards a particular end, preferably the trailing end of
the refining bar.

FIG. 6a provides a schematic illustration of a cross-
section of a refiner plate 1 having refining bars 110 provide
on the refining surface 11. The refimng bars 110 are provided
with cavities of a type described earlier. Only three refiming
bars are 1llustrated in order to keep the drawing simple. Even
though 1t 1s not specifically illustrated 1n FIG. 64 the cavities
may extend all the way to the upper surface of the refiming
bar thereby defining recesses on the surface of the refiming
bar where these recesses get an increasingly larger depth
towards the trailing edge 113. A cross-section view taken
along a line parallel with the leading edge 112 of a refining
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bar 110 can be seen in FIG. 6b. The refining bar comprises
three cavities 111 1n the shape of recesses 1n thus particular
example. Belore the refining bar 110 has been used, the front
side of the recesses 111 will be covered by the refining bar
material. When the refining bar 1s used the front side
material will get increasingly worn down and new leading,
edges will emerge as defined by the edges of the recess 111.

Still another embodiment of the proposed technology
provides a refiner plate 1 wherein at least one refining bar
110 1s provide with at least one cavity 111 that have one end
111a arranged closer to the leading edge 112 of a refining bar
110 and one end 1115 arranged closer to the trailing edge 113
of the refining bar 110 and wherein the depth dimension of
the cavity 111 at the end 111a i1s smaller than the depth
dimension of the cavity 111 at the end 1115.

FIG. 11 provides a schematic 1llustration of this embodi-
ment where 1t 1s clear that the end 111a, which 1s arranged
closer to the leading edge 112 of the refining bar has a
smaller depth dimension than the opposite end 1115H
arranged closer to the trailing edge 113 of the refining bar.
This 1s also i1llustrated 1n FIG. 12 where a recess provided on
the surface 117 of a refining bar 110 has a larger depth at the
trailing edge compared to the leading edge.

The purpose of having gradually increasing depth dimen-
sions 1s to ensure that the impact on the material flow 1s
reduced as long as possible. Initially the refining bars are in
a state where they have experienced mimimal wear. The
refining plate with a refining bar configuration 1n this state
may be assumed to provide a satisfactory material flow. Any
additional structures provided on the refining bars may thus
negatively impact the mitially satisifying material flow. The
proposed technology aims to provide refining bars where
hidden edges emerges when the refining bars has experi-
enced wear. Hence during a first state of wear the refining
bar may still have some leading edges leit, 1 this state the
hidden edges should merely add to the already existing
edges but with the constraint that they should have as little
impact on the flow as little as possible. Hence a smaller
opening 1s suflicient. The smaller opening provides some
additional edges but only barely aflects the material flow.
This will however change over time, the longer the refining
plate 1s used the more wear the refining bars exhibit and the
more of their mmtial edges they lose. The purpose of the
hidden edges in this more worn down state 1s to add
substantially more pronounced leading edges since any
impact on the material flow will be compensated by the loss
of the mitial leading edges on the refining bar, 1.e., the
leading edges 1n the non-worn state. The change in depth of
the cavities/recesses may thus be seen as a middle way 1n the
trade-ofl between adding pronounced edges to the refiming
bar and not affecting the material flow on the refining plate.

Another embodiment of the proposed technology pro-
vides a refiner plate 1 wherein at least one refining bar 110
1s provided with at least one cavity 111 having one end 111a
arranged closer to the leading edge 112 of a refining bar 110
and one end 1115 arranged closer to the trailing edge 113 of
the refining bar 110, and wherein the width dimension of the
cavity at the end 111q closer to the leading edge 112 of the
refining bar 110 1s smaller than the width dimension of the
cavity at the end 1115 closer to the trailing edge 113 the
refining bar 110. FIG. 10 provides a schematic illustration of
this embodiment.

The purpose of having a changing width dimension is the
same as the corresponding difference 1n depth dimension,
1.€., to provide a middle way between adding pronounce new
emerging edges and aflecting the material tlow.
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A combination of the embodiments illustrated 1n FIGS. 10
and 11 provides a refiner plate 1 that 1s adapted to be
attached to a rotatable refiner disc 10 on a refiner 100 for
mechanical treatment of lignocellulosic material. The refiner
plate 1 comprises a refining surface 11 that 1s adapted to be
arranged oppositely a second refining surface 21 of a second
refiner disc 20 on the refiner 100. The refining surface 11 1s
provided with a plurality of refining bars 110, and at least a
subset of this plurality of refining bars 110 are provided with
cavities 111 that are at least partially embedded in the
refining bars 110 where the cavities has an elongated shape
in the form a wedge. The wedge may be truncated, 1.e. the
wedge may have one end having a depth D, and width W1
that 1s larger than zero and an opposite end having a depth
D, and width W, that 1s larger than D, and W1. This wedge
shaped cavity may be angled relative the length direction of
the bar and tilted/angled relative the normal direction of the
surface, 1.¢. 1n a direction orthogonal to the refining surface
11 of the refining plate 1. In this way there will be provided
a refining bar 110 having at least one wedge shaped cavity
111 that extends into the bulk of the refimng bar 110. The
edges of the wedge shaped cavity will be exposed after the
refining bar 110 has been worn down. The exposed and
emerging edges of the wedge may thus act as secondary
leading edges that prolong the effective life span of the
refining plate 1. The wedge shaped cavity 111 may either be
completely housed within the refining bar bulk matenial or
have an open end on the top surface 117 of the refining bar
110. In the latter case there will be defined a wedge shaped
recess 111 on the surface of the refining bar where one end,
the end closer to the trailing edge 113 of the refining bar, has
a larger depth than the depth at the end closer to the leading
edge 112 of the refining bar 100.

FIGS. 7a-7d provides an illustration of a refining plate 1
having refiming bars 110 with an intermediate distance 118.
FIG. 7a illustrates a cross-section of a common refining
plate 1 with regular refimng bars 111. FIG. 75 1llustrates a
cross-section of a refining plate 1 with refining bars 111
provided with cavities 111 according to the proposed tech-
nology. The cavities are 1n this particular example provided
in the shape of an extended cavity, e.g., i the shape of a
channel that runs in the bulk of a refining bar and where one
end 111a 1s provided closer to the leading edge 112 of the
refining bar. FIG. 7c¢ 1llustrates the regular refining plate of
FIG. 7a after use when the refining bars 111 has been worn
down. Any edges on the refining bars have been smoothened
out by the wear and has thus lost a lot of its efliciency. FIG.
7d 1llustrates the refimng plate of FIG. 75 after use. The
additional cavities 111 has been exposed by the wear and
secondary edges denoted 109 have emerged. These second-
ary edges 109 that emerges when the cavities get exposed
will be ensure that the refining bars 110 keep their efliciency
for a longer time. This will 1n turn ensure an energy saving
orinding action since it delays the need to replace the
refining plate since the emerging edges will ensure that an
ellicient grinding action occurs even though the refining bars
have been worn down.

FIG. 8 provides an illustration of a single refiming bar 110
to be provided on a refining plate 1. The refining bar
comprises two added cavities 111 of channel shape that
extends 1nto the bulk of the refining bar 110. The cavities are
schematically 1llustrated by the dashed elliptic shapes.

FIG. 9 provides an 1llustration of a single refining bar 110
to be provided on a refining plate 1. The refining bar
comprises four added cavities 111 of an elongated shape that
runs on the surface of the refining bar 110. The cavities are
schematically illustrated by the dashed elliptic shapes. The
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cavities are provided on the refining bars in an angled
fashion whereby the length direction of the cavities form an
angle A with the length direction of the bars.

FIG. 10 provides a schematic diagram of single refining,
bar 110 provided with three cavities 111 having an elongated
shape. The cavities 111 includes ends 111a and 1115. The
end 111a will be arranged 1n the refining bar 110 so that 1t
1s closer to the leading edge 112 of the refining bar while the
end 1115 will be arranged closer to the trailing edge 113 of
the refining bar.

FIG. 10 also illustrates another particular feature of the
proposed technology. This particular feature relates to a
refiner plate 1 wherein at least one refining bar 110 1s
provided with cavities 111 that have an intermediate spacing,
D, where the intermediate spacing D 1s larger or equal to the
width W of the refining bar. This embodiment provides a
refining plate that reduces the risk of refining bar breaks. It
thus provides high-strength refining bars.

FI1G. 10 illustrates further the length direction of the bar,
denoted F and running in the X-direction of this particular
coordinate system, relative the direction of rotation, denoted
R, of the refining plate 1. In this particular embodiment, the
cavities are provided on the refining bar 110 so that an angle
A 1s defined between the direction of the refining bar and the
direction of the cavities. The cavities are furthermore pro-
vided on the refining bar with an intermediate spacing D.
The spacing D between adjacent cavities should preferable
be larger than, or equal to, the width W of the refining bars.

Yet another embodiment of the proposed technology will
ensure that the emerging edges will get more and more
pronounced the more worn down the refining bars become.
This particular embodiment provides a refiner plate 1
wherein the cavities 111 have an elongated shape and are
provided on a refining bar 110 so that they have one end 1114
arranged closer to the leading edge 112 of a refining bar 110
and one end 1115 that 1s arranged closer to the trailing edge
113 of the refining bar and wherein the width d, of the cavity
111 at the end 111a closer to the leading edge 112 1s larger
than the width d, of the cavity at the end 1115 closer to the
trailing edge. This embodiment 1s schematically 1llustrated
in FIG. 11. The direction of rotation of the refining plate 1s
denoted by R. The purpose of this design 1s to ensure that
more and more of a cavity 111 1s exposed the more worn
down a bar becomes. As a consequence new and well
pronounced edges will emerge when the bar becomes sub-
stantially worn down. This will 1n turn ensure that the
erinding remains eflective while at the same time reducing
any major influence on the material flow on the refining
plate. The embodiment 1n FIG. 11 1llustrates how a cavity
111 that 1s embedded in the refining bar gets a gradually
increasing depth. A corresponding embodiment where the
cavity comprises a recess provided on the top surface 117 1s
shown 1n FIG. 12. In this cross-section view along the length
direction of a recess 111 1t can be seen how the depth of the
recess 111 gets gradually larger the farther one 1s from the
leading edge 112 of the refining bar.

By way of example, the proposed technology also pro-
vides a refiner plate wherein at least one of the refining bars
110 are provided with at least one cavity 111 having one end
111a arranged closer to the leading edge 112 of the refining
bar 110 and one end 1115 arranged closer to the trailing edge
113 of the refiner bar 110 and wherein the end 111a arranged
closer to the leading edge 112 of the refining bar begins at
a distance L from the leading edge of the refining bar 110,
the distance L lying in the interval: 0<L<lAW, where W
denotes the width of the refimng bar 110. FIG. 10 or 11

provides a schematic 1llustration of this embodiment where
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it can be seen that the end 111a of a cavity 111 begins at a
distance L from the leading edge 112 of the refining bar 110.
This embodiment ensures that the cavities 111 does not
disturb the material flow on the refining plate before the
refining bars 110 has been worn down and the secondary
edges defined by the cavities gets exposed.

With the help of FIGS. 10 and 11 we will now provide
some prelferable dimensions for the parameters that define
the cavities. These values has proven to be suitable 1n order
to achueve the goals of the proposed technology, e.g., extend-
ing the life length of a refining plate, lower the energy cost
over time, improving the fiber quality and also improving

the flow distribution of e.g., wood and steam.

First of all, the depth d, of a cavity, that 1s, the depth of
the cavity 111 at the end 111a closest to the leading edge 112
of a refining bar 110, should preferable be smaller than the
depth d, of the cavity at the end 1115 closest to the trailing
edge 113 of the refining bar. The depth d, of the cavity at the
end closest to the trailing edge 113 should 1n turn preferable
be smaller than 2 H, where H denotes the height of the
refining bar 110.

The width W, of the cavity 111 at the end 111a closest to
the center of the refining plate 1, should preferable be
smaller than the width W of the refining bar. The width W,
of the cavity at the end 1115 closest to the periphery of the
refining plate 1 should preferable be smaller than the width
W of the refining bar 110. The width W, of the cavity 111 at
the end 111a closest to the center of the refining plate 1 may
in certain embodiments be smaller than the width W, of the
cavity at the end 1115 closest to the periphery of the refining
plate 1.

The distance D between adjacent cavities 111 should
preferably be larger than the width of the refining bar 110.

The ledge L, which denotes the distance between the
cavity end 111a closest to the leading edge 112 of a refining
bar 110, and the leading edge 112 should preferably be
smaller than 2W, where W denotes the width of the refining,
bar 110.

The angle A between the length direction of the refining
bar 110 and the length direction of a cavity 111 should
preferably lie 1 the interval 5°<A<45° And the angle B
between the length direction of the cavities 111 and the
direction of the normal to the refining surface 11 should
preferably lie 1 the interval 5°<B<45°,

It 1s preferable that the dimension of the cavities 111
provided in the refining bars are not too large to ensure that
the refining bars does not break during use. A particular
embodiment of the proposed technology relates to cavities
111 that are provided 1n the shape of elongated channels that
extend into the bulk of the refining bars. It 1s preferable 1f the
length dimension of these channels lie in the interval {Y4H,
1AH}, even more preferable in the interval {\AH, Y2H},
where H denotes the height of the refining bar. Hence 11 for
example the height of the refining bar 1s approximately 1 cm,
the length dimension may lie in the interval {0.25 cm, 0.5
cm}, preferably in the interval {0.33 cm, 0.5 cm}.

The mvention claimed 1s:

1. A refiner plate arranged to be attached to a rotatable first
refiner disc on a refiner for mechanical treatment of ligno-
cellulosic matenial, the refiner plate comprising:

a first refining surface; and

a plurality of refining bars on the first refining surface,

the first refining surface configured to be disposed oppo-

site a second refining surface of a second refiner disc
disposed on the refiner,



US 11,566,374 B2

13

wherein at least one of the refining bars has cavities, at

least one of which 1s completely embedded 1n the at

least one refining bar,

at least one of the cavities has:

a first end arranged closer to a leading edge of the at
least one refimng bar, and a second end arranged
closer to a trailing edge of the at least one refining
bar, and

wherein a depth dimension of the at least one of the
cavities at the first end 1s smaller than a depth
dimension of the at least one of the cavities at the
second end.

2. The refiner plate according to claim 1, wherein the
cavities have an elongated shape.

3. The refiner plate according to claim 1, wherein the
cavities are disposed in the at least one refining bar 1n such
a way that an angle A, 0° <A<435° | 1s formed between a
length direction of the at least one cavity and a length
direction of the at least one refining bar.

4. The refiner plate according to claim 3, wherein the
cavities have an elongated shape.

5. The refiner plate according to claim 1, wherein the
cavities are provided in the at least one refining bar so that
a length direction of the cavities form an inclination angle B,

0° <B<45° , with a direction of a normal of the first refining
surface.
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6. The refiner plate according to claim 1,

wherein a width dimension of the at least one cavity at the
first end closer to the leading edge of the at least one
refining bar 1s smaller than a width dimension of the at
least one cavity at the second end closer to the trailing
edge of the refining bar.

7. The refiner plate according to claim 6, wherein at least
one of the cavities comprises a recess on an upper surface of
the at least one refining bar, thereby forming at least one
cavity that 1s partially embedded in the at least one refining
bar.

8. The refiner plate according to claim 1,

wherein at least one of the refining bars are provided with

cavities having an intermediate spacing D, the inter-
mediate spacing D being larger or equal to a width W
of the at least one refining bar.

9. The refiner plate according to claim 1, wherein the first
end arranged closer to the leading edge of the at least one
refining bar begins at a distance L from the leading edge of
the at least one refining bar, the distance L lying in the
interval: 0<L<Y2 W, where W denotes a width of the at least
one refining bar.

10. A refiner for mechanical treatment of organic/cellu-
losic material, the refiner comprising two oppositely
arranged refiner discs, wherein at least one of the refiner
discs comprises a rotatable refiner disc and at least one of the

refiner discs comprises a refiner plate according to claim 1.
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